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Abstract 
Neuropsychological Aspects of Impulsivity and Sensation Seeking 
Kara R. Douglas, B.S. 
Mary Spiers, Ph.D. 
 
The goal of the present research is to elucidate specific neuropsychological and 
behavioral factors that underlie antisocial behaviors. The constructs of sensation seeking, 
impulsivity, and callousness were examined for their relationship with 
neuropsychological performance on frontal measures of impulsivity, planning, decision-
making, and risk taking. In the existing literature, it remains unclear whether sensation 
seeking is an independent construct from impulsivity, or whether it is simply one facet of 
impulsivity. To address this, we evaluated the relationship of these two traits to 
neuropsychological testing. A total of 34 healthy undergraduate students completed four 
self-report inventories [Sensation Seeking Scale-V (SSS), Barratt Impulsiveness Scale-11 
(BIS), UPPS-P, Inventory of Callous-Unemotional Traits (ICU)] pertaining to sensation 
seeking, impulsivity, and callous-unemotional traits, as well as several 
neuropsychological tasks [Trails B, Stroop, Tower of London-DX, Balloon Analogue 
Risk Task (BART)].  We found that self-report scores in sensation seeking, impulsivity, 
and callous-unemotional traits showed significant, moderate to large correlations with 
one another. Associations with neuropsychological performance varied among these 
traits. Most notably, a stepwise linear regression model indicated that higher sensation 
seeking has a significant association with greater risk-taking on the BART. This study 
adds to the limited existing literature on the neuropsychology of ASPD-spectrum traits 
and has implications for future research involving the BART.
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1. Introduction 
1.1 Objectives 
The present study aimed to examine personality traits and neuropsychological 
variables that may be linked to antisocial personality disorder (ASPD). Patterns of 
sensation seeking, impulsivity, and callousness were evaluated in a sample of 
undergraduates to determine whether these factors, which have previously been shown to 
correlate with antisocial personality disorder (Compton et al., 2005), also demonstrate 
significant associations with neuropsychological performance on tasks of decision-
making, response inhibition, and risk-tasking, in a nonclinical population.  
The following literature review examines current conceptualizations of sensation 
seeking, as well as the role of impulsivity in ASPD. Autonomic underarousal and other 
biological/genetic characteristics are discussed as potential etiological factors 
contributing to the sensation-seeking phenotype. Research on callous-unemotional traits, 
as well as the recently developed Inventory of Callous-Unemotional Traits, are also 
outlined in the context of ASPD. Finally, existing literature on gender differences and 
neuropsychological performance is summarized in the relation to the above constructs 
(i.e., sensation seeking, impulsivity, and callous-unemotional traits). 
1.2. Autonomic Underarousal: A biological risk factor for sensation seeking? 
 Sensation seeking is a personality trait that includes such facets as experience 
seeking, thrill and adventure seeking, disinhibition, and susceptibility to boredom 
(Zuckerman, 1983). In the early 1960’s, a theoretical model was proposed to explain why 
certain individuals are more likely than others to seek out novel stimuli, whether it be by 
abusing illicit drugs or engaging in other risky behaviors such as mountain climbing or 
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skydiving. It was hypothesized that a person’s likelihood of engaging in such acts of 
sensation seeking is mediated by a spectrum of sensory processing called the 
augmenting-reducing spectrum (Petrie, Holland, and Wolk, 1963; Kohn and Coulas, 
1985). According to this model, individuals who are “augmenters” tend to have a 
heightened response to incoming sensory stimuli, whereas “reducers” generally minimize 
the effect of external sensory input. To examine this purported phenomenon, Goldman, 
Kohn, and Hunt (1983) administered a self-report measure of augmenting-reducing 
characteristics to a sample of 42 undergraduates and found that the construct of 
“reducing” was, in fact, moderately positively correlated with sensation seeking (r = .59, 
p < 0.001), as measured by the Sensation Seeking Scale  (Zuckerman, Eysenck, and 
Eysenck, 1978). Kohn and Coulas (1985) replicated this finding among 78 
undergraduates (r = 0.54; p < 0.01). Though the augmenting-reducing spectrum 
ultimately remains somewhat controversial in psychological literature (Zuckerman and 
Kuhlman, 2000), it provides an interesting parallel to a present-day theory of the 
biological basis of antisocial behavior.  
 The tentative hypothesis of minimizing or “reducing” incoming sensory stimuli as 
a risk factor for sensation seeking has ultimately developed into the biological theory of 
autonomic underarousal as a predisposing risk factor for antisocial behavior (Raine, 
1996). Researchers have measured physiological arousal primarily in terms of resting 
skin conductance and heart rate, and have consistently observed that aggressive children 
and antisocial individuals are characterized by autonomic underarousal (Brennan and 
Raine, 1997; Raine, 1996). If these individuals experience an abnormally low baseline of 
autonomic activity, this means that “typical” levels of sensory stimulation fail to provide 
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a physiological experience of excitement or arousal. Thus, it stands to reason that such a 
person would be more likely to engage in sensation seeking or aggressive behavior as a 
way to increase his or her subjective experience of arousal. 
 An alternative hypothesis, proposed by Piazza et al. (1993), suggests that 
sensation seeking can be attributed to the functioning of the hypothalamic-pituitary-
adrenal (HPA) axis, which normally activates in both humans and animals during times 
of stress to produce glucocorticoids and mobilize the “fight-or-flight” response. 
According to Piazza and colleagues, glucocorticoids can have reinforcing properties, 
thereby influencing some individuals to become “stress-seekers” (i.e., sensation seeking 
individuals). This phenomenon was demonstrated in an animal study, which found that 
rats will self-administer glucocorticoids via intravenous injection, leading researchers to 
conclude that the chemicals must have reinforcing properties (Piazza et al., 1993). 
Furthermore, the mean levels of self-injected glucocorticoids in the rats were found to be 
comparable in amount to that of a normal endogenous stress response. Finally, individual 
rats varied in their propensity for self-injection, which Piazza and colleagues hypothesize 
may have clinical implications with regard to differences in sensation seeking among 
humans. 
1.3 The role of impulsivity in ASPD 
 Within the DSM-IV, “impulsivity or failure to plan ahead” is among the 
diagnostic criteria for ASPD (American Psychiatric Association, 1994). Impulsivity is 
considered part of a core cluster of personality traits that have been linked to violent and 
risk-taking behavior, psychopathy, and ASPD (Lynam and Widiger, 2007). Compared 
with unaffected controls, individuals with ASPD demonstrate significantly higher 
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impulsivity scores on self-report surveys, as well as significantly greater disinhibition on 
speeded response tasks (Swann et al., 2009). Though the exact neurobiological correlates 
of impulsivity are currently unknown, it has been theorized that they may reflect a deficit 
in prefrontal circuitry within the frontal lobe, which ultimately disrupts a person’s ability 
to plan for the future and think abstractly. Support for this view comes from functional 
neuroimaging studies of individuals high in impulsivity and/or sensation seeking, which 
show reduced blood flow and glucose metabolism within the frontal lobe (also called 
hypofrontality; for a review, see Lingford-Hughes et al., 2003). Hypofrontality is also 
associated with cognitive deficits including decreased verbal fluency and impaired 
decision making, both of which can easily be assessed through neuropsychological 
evaluation (Passetti et al., 2008). 
1.4 Race/Ethnicity and Cultural Factors in ASPD 
 A 2007 report based on a subset of data from the 2001-2002 National 
Epidemiologic Survey on Alcohol and Related Conditions (n=43,093) provides some 
useful epidemiological data on the prevalence of ASPD across races (Goldstein et al., 
2007a). In an analysis of 4,068 individuals diagnosed with a drug use disorder, 729 were 
found to meet criteria for ASPD. Of these 729 people, the vast majority were White 
(71.8%). The two next most common groups, African-Americans and Hispanics, were 
roughly equally represented, at 9.6% and 9.8% of the sample, respectively. Only 1.9% of 
the individuals diagnosed with ASPD were of Asian descent.  A limitation of this sample 
is that it only included individuals with ASPD and comorbid substance abuse. 
Nonetheless, explanations of these differing rates of ASPD across cultures are likely 
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attributable to both genetic and environmental factors, as well as interactions between 
them.  
 In particular, sociodemographic variables, psychosocial stressors, and exposure to 
violence/abuse are well-known factors associated with the development of antisocial 
behavior (Douglas et al., 2011; Rivera et al., 2011). Ethnicity may moderate these 
variables through the establishment of cultural norms such as in parenting practices and 
attitudes toward criminal behavior, or in other, indirect ways such as perceived 
discrimination (Pardini, Fite, & Burke, 2008). For example, in a study of 1,271 Puerto 
Rican children living in the South Bronx, New York and the San Juan Metropolitan area 
of Puerto Rico, perceived discrimination was found to be a robust correlate of antisocial 
behavior even after controlling for a host of sociodemographic factors (Rivera et al., 
2011). Another recent study reported a gene by environment interaction in the 
relationship of adverse childhood events to ASPD diagnosis in a sample of European 
Americans and African Americans. The researchers examined adverse childhood events 
(ACEs) and serotonin transporter genotype (5-HTTLPR) as predictors of ASPD and 
found a significant interaction of genotype and ACEs, but only among African-
Americans (Douglas et al., 2011). Thus, the observed gene by environment interaction 
was moderated on race. The above findings highlight the complexity in understanding 
differences in ASPD across ethnicities and culture. 
1.5 Callous-unemotional traits 
Because ASPD has a relatively low base-rate in the population, it is more difficult 
to observe and study in non-clinical populations. However, it is possible to examine some 
of the components that underlie the disorder. One such dimension, callousness and/or 
6 
lack of emotion, has been widely studied using physiological and self-report measures. 
Callous-unemotional traits are hypothesized to be related to maladaptive social 
information and emotional processing that ultimately lead to a failure of these individuals 
to experience empathy and affiliation (Shirtcliff et al., 2009). These traits can be highly 
predictive of psychopathy, particularly when they co-occur with impulsivity (Pardini et 
al., 2003). Brain regions in the limbic system, including the insula and anterior cingulate 
cortex (ACC), have been implicated in callous-unemotional traits. It has been 
demonstrated that, compared with healthy controls, individuals with conduct disorder 
and/or psychopathy show reduced activation in the insular cortex and ACC in response to 
emotional stimuli during fear conditioning paradigm (Birbaumer et al., 2005). A recently-
developed tool known as the Inventory of Callous-Unemotional Traits (Frick et al., 2004) 
provides an ideal proxy for ASPD-spectrum behavior in individuals without severe 
conduct disorder or psychopathy. 
1.6 Gender differences in sensation seeking, impulsivity, and antisocial behavior 
 In the U.S. population, a significantly higher number of men are diagnosed with 
ASPD than women (Compton et al., 2005; Golomb et al., 1995). Hence, gender 
differences in the constructs underlying ASPD, such as sensation seeking and 
impulsivity, are of particular interest as potential mediators of this discrepancy. Raine 
(1996) cites a biopsychosocial model in the development of ASPD. On one hand, the 
influence of social factors in the development of antisocial behavior – for example, the 
social acceptability of play among boys in childhood that is generally rougher and more 
aggressive than among girls – may explain some of the variance in ASPD between 
genders. Futhermore, differences in levels of testosterone and estrogen may act as 
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biological mediators of the likelihood of developing antisocial behaviors (Brennan and 
Raine, 1997). Multiple studies have demonstrated that males generally show higher levels 
of impulsivity and sensation seeking than females (LaBouvie and McGee, 1986; Miller, 
1991; Nagoshi et al., 1991). 
 More recently, the role of a polymorphism within the gene that encodes cathecol-
O-methyltransferase (COMT) was proposed as a potential biological explanation of the 
development of gender differences in the construct of sensation seeking (Lang et al., 
2007). Individuals with a certain COMT genotype are believed to have reduced levels of 
dopamine transmission within the prefrontal cortex, which is a key brain region involved 
in drug-seeking behavior and impulsivity. A study by Lang at el. (2007) examined 
whether sensation seeking varied as a function of COMT genotype and gender in 
nonclinical sample of healthy individuals, comprised of 214 males and 218 females. The 
researchers found a significant main effect of gender on sensation seeking, with males 
endorsing higher levels than females. COMT genotype was indeed found to be related to 
level of sensation seeking, but this effect was only significant among females. The reason 
for this gender difference is still unclear (Lang et al., 2007).  
 Another recent study examined gender as a potential moderator of impulsivity and 
health-risk behaviors (Stoltenberg, Batien, and Birgenheir, 2007). Impulsivity was 
measured in 197 college-age students using a well-validated self-report inventory (the 
Barratt Impulsiveness Scale; BIS) and a motor impulsivity task to detect significant 
associations between impulsivity and certain risk behaviors. It was found that men were 
at a higher risk for alcohol problems than women, and that this effect was mediated by 
BIS score. In light of these apparent biological differences between men and women in 
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the domains of impulsivity, sensation seeking, and ASPD, it is crucial that gender 
differences be considered as a key factor in the present study. 
1.7 Recent neuropsychological evidence 
 Due to the fact that impulsivity and impaired decision making are primarily a 
function of the executive control of the frontal lobe, these characteristics lend themselves 
particularly well to neuropsychological evaluation. Preliminary evidence from 
nonclinical samples suggests that trait impulsivity demonstrates predictive power on 
certain neuropsychological outcomes. One such sample consisted of 32 women at two 
extreme ends of the trait impulsivity continuum (high: n = 15; low: n = 17; as measured 
by the UPPS-P assessment of trait impulsivity (Lynam et al., 2006) who were assessed 
using several neuropsychological tasks including a go/no-go paradigm to examine motor 
impulsivity and the Iowa Gambling Task (Bechara et al., 2004) to examine patterns of 
advantageous/disadvantageous decision making. Consistent with theory, it was found that 
women high in trait impulsivity showed an impaired performance on the motor 
impulsivity task, as evidenced by an increased number of commission errors made in the 
early stages of the go/no-go paradigm (Perales et al., 2009). 
 While impulsivity has received a significant amount of attention in the realm of 
neuropsychology, there is little current literature examining neuropsychological 
correlates that are specific to sensation seeking. One reason for this may be that 
impulsive behavior and sensation seeking are believed to be significantly correlated 
(Essau, Sasagawa, and Frick, 2006).  In fact, it has been proposed by some researchers 
that sensation seeking is simply one facet of the larger construct of trait impulsivity 
(Miller et al., 2003; Whiteside and Lynam, 2001; Zermatten et al., 2005). A review by 
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Whiteside and Lynam (2001) proposed that there are four domains to impulsivity: 
urgency, lack of premeditation, lack of perseverance, and sensation seeking (the UPPS 
model). This model became the basis for their UPPS-P Impulsivity Scale (Lynam et al., 
2006), and received initial empirical support from a subsequent study (Miller et al. 2003). 
In this study of 481 young adults, it was found that these four domains differentially 
correlated with various behaviors such as substance use, psychopathy, and hyperactivity 
on a self-report survey. Notably, sensation seeking was moderately correlated with 
conduct problems and drug/alcohol use. A recent study of the UPPS model of impulsivity 
and neuropsychological outcome (as measured by the Iowa Gambling Task), conducted 
with a sample of 30 undergraduate students, revealed lack of premeditation was the only 
domain specifically linked to disadvantageous decisions; sensation seeking was not 
(Zermatten et al., 2005). However, the relatively small sample size limited the 
researchers’ statistical power, and thus it seems that additional study of sensation seeking 
is necessary to corroborate or refute these results. For this reason, the present study will 
be conducted in an attempt to replicate these results with a larger sample size, and to 
further examine whether impulsivity and sensation seeking (a) should be conceptualized 
as theoretically distinct constructs and (b) are significantly associated with 
neuropsychological performance in a college-age population. If so, does one show a 
stronger relationship than the other? 
 Closely related to the neuropsychology of sensation seeking and impulsivity is the 
domain of risk taking, which can be measured by the Balloon Analogue Risk Task 
(BART). The BART is a well-validated neuropsychological assessment developed by 
Lejuez and colleagues in 2002, which is purported to be a proxy for real-world risk 
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taking. Since its development, the BART has been utilized in research protocols 
involving adolescent and adult populations exhibiting conduct problems, criminal 
behavior, and/or substance use (e.g., Crowley et al., 2006; Lejuez et al., 2003). It has 
been shown to differentiate drug abusers from healthy controls (e.g., smokers vs. 
nonsmokers) and performance appears sensitive to traits of psychopathy (e.g., Hunt et al., 
2005). Specifically, substance users and individuals with conduct problems typically 
exhibit greater risk taking on the BART. The “risk” in this task involves inflating a 
virtual balloon with an unknown popping point, and accruing money for each pump of 
the balloon, as long as it does not subsequently pop. The participant must choose how far 
to go with each balloon in the interest of earning money, but also be cognizant of 
stopping before the balloon pops. Thus, one could argue that BART performance could 
be affected not only by willingness to engage in risk, but also by impulsivity or lack of 
inhibition. Yet a study of the BART among 20 substance-using adolescents compared 
with 20 healthy controls seemed to provide evidence against this hypothesis. Crowley et 
al. (2006) noted significantly greater risk taking behavior among the substance abuse 
(SA) group, but also found a significantly greater latency to response. Qualitatively, the 
authors were of the impression that these observed slower responses among SA patients 
argued against “impulsive, thoughtless behavior.” This issue will be addressed in the 
present study, with an examination of the relationship of impulsivity to performance on 
the BART. 
1.8 Summary 
Sensation seeking, impulsivity, and callous unemotional traits are key factors 
underlying antisocial personality disorder, and these traits often co-occur in individuals. 
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Extensive research has addressed the biopsychosocial factors and neurological functions 
that may predispose an individual to be high in trait impulsivity or sensation seeking. 
Furthermore, physiological components, such as autonomic underarousal and stress-
induced corticosterone release have been implicated in the etiology of these traits. 
However, to date, little has been written on the neuropsychological correlates of sensation 
seeking and impulsivity, with the exception of the few aforementioned studies that used a 
relatively small sample size. Therefore, the present study seeks to replicate the results of 
Zermatten et al. (2005) and Perales et al. (2009) in a larger sample, and to go a step 
further by examining the relationship of these personality traits with neuropsychological 
tasks of risk-taking, decision making, and response inhibition. Gender differences in 
performance will also be analyzed, as antisocial personality disorder is known to occur 
more commonly in men. Lastly, findings will be examined in relation to existing research 
to identify whether it is useful to conceptualize sensation seeking and impulsivity as 
separate or related constructs. It is to be hoped that these findings in neuropsychology 
might provide a new avenue for the early identification of individuals who may be prone 
to developing antisocial personality disorder. 
1.9 Hypotheses 
Based on previous research, it was hypothesized that: 
- Scores on the self-report measures of sensation seeking, trait impulsivity, and 
callous-unemotional traits will show a significant and positive, moderate correlation with 
one another.  
- There will be a significant relationship between sensation seeking, impulsivity, 
gender, and certain neuropsychological tasks. Specifically, high levels of sensation 
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seeking and impulsivity will be associated with a poorer performance on a risk-taking 
neuropsychological task, a color-word naming inhibition task, and a motor planning task. 
- A significant interaction effect is also proposed in which gender moderates the 
relationship between personality variables and neuropsychological performance. It is 
predicted that males who are high in sensation seeking and impulsivity will show the 
lowest neuropsychological performance. Specifically, males high in sensation seeking 
will show the higher levels of risk taking on the BART (more pumps per balloon), more 
impulsivity on the Stroop (high interference score), slower Trails B completion time (due 
to greater number of errors), and greater total move score on the TOL-DX (i.e., poorer 
planning).  
2. Methods 
2.1 Participants 
 Healthy undergraduate students between the ages of 18 and 35 were recruited 
from Drexel University to take part in this study. A total of 38 participants were recruited 
via flyers posted on campus as well as through individual visits to undergraduate classes 
within the psychology department. Students who completed the study received two extra 
credit points for their participation. Lifetime diagnosis with a learning disability (LD) 
was an exclusion criterion, as the presence of LD can profoundly influence 
neuropsychological performance. This criterion was operationalized as an LD 
documented with the University’s Office of Disability Services (ODS). Participants were 
also excluded if they meet current diagnostic criteria for schizophrenia, bipolar disorder, 
or depression, or were currently taking psychotropic medications. This is the case 
because issues of psychosis, low motivation, and medication side effects can impact 
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neuropsychological functioning, and the goal of the present study was to examine a 
healthy, non-clinical population. Finally, individuals taking stimulant medications for 
ADD/ADHD were excluded from the study, as these medications directly influence 
neurological functioning and could introduce a confounding variable (Wilson et al., 
2006). Efforts were made to recruit a comparable number of men and women to complete 
the study. 
2.2 Measures 
 Participants completed self-report questionnaires in the following domains: 
sensation seeking, impulsivity, and callousness (see Appendices A through D).  
2.2.1 Questionnaires 
Sensation Seeking. Sensation seeking, the primary predictor variable of interest in this 
study, was measured using the well-validated Sensation Seeking Scale – Form V 
(Zuckerman, Eysenck, and Eysenck, 1978). The SSS is a 40-item inventory that was 
developed to assess individual differences in need for stimulation and arousal. It employs 
a forced choice format in which an individual must choose an A or B statement for each 
item. Of the two statements comprising each item, one endorses high sensation seeking (1 
pt) and the other endorses low/no sensation seeking (0 pts), so that a person’s final score 
can range from 0 to 40. The following is an example item on the SSS:  
 A – I like “wild” and uninhibited parties. 
 B – I prefer quiet parties with good conversation. 
In this case, statement A is the 1-point response and statement B is the 0-point response. 
Factorial analyses of the SSS supports a four-factor model that includes Adventure 
Seeking, Experience Seeking, Disinhibition, and Boredom Susceptibility (Loas et al., 
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2001; Roberti, Storch, and Bravata, 2003). Each of the four scales demonstrate fairly high 
reliability (Cronbach’s alpha = .75-.80), and the SSS shows good internal consistency and 
reasonable levels of convergent validity with the ZKPQ Impulsive Sensation Seeking 
Subscale (correlations = .43-.61).  
Impulsivity. The Barratt Impulsiveness Scale – Version 11, (BIS; Patton, Stanford, and 
Barratt, 1995) considered the “gold standard” of impulsivity measurement in 
psychological research, has undergone several revisions since its initial development in 
the 1950s. The assessment is now a 30-item questionnaire that measures impulsivity in 
three domains: attentional, nonplanning, and motor. Responses are on a Likert scale from 
one to four, corresponding to the statements rarely/never to almost always/always 
(Patton, Stanford, and Barratt, 1995). The BIS includes statements such as “I buy things 
on impulse” and “I am more interested in the present than the future,” and the inventory 
has consistently shown acceptable reliability and validity in both clinical and community 
samples (Spinella, 2007). A second impulsivity measure, the UPPS-P Impulsivity Scale 
(Lynam et al., 2006) was also administered in an attempt to replicate previous findings by 
Zermatten et al. (2005). The UPPS-P is 59-item assessment that addresses four theorized 
domains of impulsivity (urgency, lack of premeditation, lack of perseverance, sensation 
seeking). Each item is rated on a 4-point scale from Strongly Agree to Strongly Disagree. 
Callous-Unemotional Traits. Personality traits on the callous-unemotional spectrum 
werer assessed as a proxy of sorts for antisocial behavior and ASPD. Participants 
completed the Inventory of Callous-Unemotional Traits (ICU; Frick, 2004), a 
relatively new self-report measure that was originally developed for use among 
adolescent offender populations (Kimonis et al., 2008). The ICU contains 24 items in 
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four domains: careless (“I do not care about being on time.”), callous (I do not apologize 
to persons I hurt.”), unemotional (“I do not let my feelings control me.”), and uncaring 
(“I do not care who I hurt to get what I want.”). Responses are made on a Likert scale 
from 0 (not at all true of me) to 3 (definitely true of me). At least two studies have 
confirmed that the ICU shows high internal consistency (coefficient α = .81) and 
demonstrates moderate convergent validity with other measures of antisocial behavior 
and psychopathy (Essau, Sasagawa, and Frick, 2006; Kimonis et al., 2008).  
2.2.2 Psychiatric Screening 
All participants were interviewed with selected modules from the Mini-International 
Neuropsychiatric Interview (M.I.N.I.), which screens for DSM-IV disorders in 
approximately 15 minutes (Sheehan et al., 1998). Any individual meeting criteria for 
psychosis, major depression, or bipolar disorder/mania was be excluded from the study. 
Schizophrenia and other psychotic disorders represent potential confounds due to 
neurological hypofrontality. Participants with depression and bipolar disorder will be 
excluded to avoid concerns over low motivation, as this can adversely affect 
neuropsychological performance. 
2.2.3 Neuropsychological Measures 
 Participants’ neuropsychological performance will be assessed using four 
different tasks, all of which have been modified for standard computerized testing: the 
Trailmaking Test B, Tower of LondonDX (Culbertson and Zillmer, 1998), the Stroop 
Color-Word Naming Task, and the Balloon Analogue Risk Task (BART; Lejuez et 
al., 2002).  
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Trailmaking Test B. This widely-used test is a part of Halstead-Reitan 
neuropsychological battery. It involves speeded visual search, mental set shifting and 
working memory, and generally takes one to two minutes to complete (Sanchez-Cubillo 
et al., 2009). Trails B is a paper-and-pencil task that requires the participant to connect 
scrambled dots using a single line. Each dot has a number or a letter within it, and the 
participant must connect the dots by alternating between number and letter, maintaining 
numerical and alphabetical order (i.e., 1-A-2-B, etc.). This task was scored based on time 
to completion (in seconds) and number of errors. 
Tower of London-Drexel Version. This test was originally designed to examine executive 
function and planning among children diagnosed with ADHD. Participants are asked to 
move colored spheres among three “tower” pegs into a given orientation, but are limited 
by how many and which moves are allowed on each trial. This necessitates careful 
planning and problem solving to complete the task successfully. The final score 
represents the total number of moves used by the participant to complete all ten trials. 
The Drexel (DX) version of the Tower of London has shown good construct validity for 
assessing executive planning, inhibition, and executive concept formation (Culbertson 
and Zillmer, 1998a), as well as acceptable levels of test-retest reliability and criterion 
validity (Culbertson and Ziller, 1998b). 
Stroop Color-Word Naming Task. The Stroop task is an extensively-used 
neuropsychological measure that requires a person to inhibit an over-learned, automatic 
response (Alvarez & Emory, 2006). In the first of three parts to this task, the participant 
is asked to read words on a page aloud (“red,” “green,” and “blue,” repeated on the page 
in varying order; 100 words total per page), as quickly as possible for 45 seconds. In the 
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second trial, they are asked to name the color of the ink that a series of XXXXs are 
printed in, as quickly as possible for 45 seconds (printed in red, green, or blue). In the 
third and final trial, the participant again sees the words red, green, and blue listed on the 
page, but each word is a printed in non-matching color ink. The participant is asked to 
name the color of the ink that the word is printed in, and therefore must inhibit reading 
the word to give the correct answer. Based on the number correct from trials 1 and 2, an 
expected score is calculated for trial 3. The difference between the expected and actual 
score is known as the “interference” score, and is theorized to reflect frontally-mediated 
executive ability (Alvarez & Emory, 2006; Lansbergen et al., 2007). 
Balloon Analogue Risk Task (BART). Lastly, participants completed the BART, a 
neuropsychological assessment that has shown strong construct validity with regard to 
real world risk-taking behaviors such as delinquency and substance use (Hunt et al., 
2005; Lejuez et al., 2002). When completing the BART, participants must make a choice 
in the context of increasing risk. Specifically, they must inflate a computerized balloon 
by clicking a “pump,” with the ultimate goal of making the balloon as large as possible 
without causing it to explode (see Figure 2). Therefore, participants are forced to decide 
on-the-spot after each pump whether to continue pumping or to stop. The incentive to 
keep pumping is the accrual of five cents for each pump, which gets deposited into a 
temporary bank. When a participant decides to stop pumping, thereby completing a 
balloon, all money earned is transferred into a permanent bank. However, if the balloon 
explodes, all money in the temporary bank is lost. Thus, the probability of losing money 
increases with each pump, as does the amount of the potential loss. There are a total of 30 
balloons per participant, each of which has a different explosion point.  
18 
Previous research by Lejuez et al. (2002) suggests that BART performance also 
shows significant correlations with sensation seeking and impulsivity, making it the ideal 
paradigm for the present study. In addition, men generally show poorer performance on 
the BART than women, and psychopathic/antisocial traits are associated with impairment 
on this task as well (Hunt et al., 2005). The BART has withstood psychometric scrutiny 
in terms of its validity, and according to a recent study by White, Lejuez, and de Wit 
(2008), the task has an acceptable test-retest reliability in terms of adjusted average 
pumps (r = .77). 
2.3 Procedure 
 Each participant completed an individual testing session lasting approximately 1 
to 1.5 hours. The session was conducted either by the primary researcher or a co-
investigator trained to competency on all measures. All participants read and signed an 
IRB-approved informed consent document prior to beginning the study protocol, and 
were offered a copy. A brief form of demographic information (e.g., age, gender, self-
reported race/ethnicity) was also administered to the participants. To ensure 
confidentiality, informed consent documents containing student signatures were stored 
separately from forms containing student data. The latter is identified only by a random 
ID number that cannot be traced back to the participant.  
After completing the consent form, participants were screened using the M.I.N.I 
modules for major depression, mania, and psychotic features. If no exclusion criteria 
were met, the session continued. 
Each participant then completed the self-report inventories: the Sensation Seeking 
Scale – Form V (Zuckerman, Eysenck, and Eysenck, 1978), the Barratt Impulsiveness 
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Scale – Version 11 (Patton, Stanford, and Barratt, 1995), the UPPS-P Impulsivity Scale 
(Lynam et al., 2006), and the Callous-Unemotional Inventory (Frick, 2004), in that order. 
All participants were directed to read the standard instructions included with each 
inventory, and subsequently had the chance to ask any clarifying questions before 
completing each one.  
The last component of the session was neuropsychological testing. The 
participants completed the tasks in the following order: Trails B, Stroop, the Tower of 
London-DX (Culbertson & Zillmer, 1998), and the BART (Lejuez et al., 2002). 
Directions were standardized for all tasks, and participants had an opportunity to ask 
questions prior to beginning each task. Each assessment had a primary outcome measure 
of interest: Trails B time to completion in seconds, Tower of London-DX total move 
score, Stroop color-word interference score, and BART average number of pumps per 
unpopped balloon. 
2.4 Data Analytic Strategy & Power Analysis 
 All data were analyzed using SPSS 18.0. To determine whether sensation seeking, 
impulsivity, and callousness are significantly correlated with one another, the scores of 
the self-report measures were examined via bivariate Pearson correlations. To address the 
primary research question of whether sensation seeking, impulsivity, and gender were 
significantly associated with neuropsychological test performance, multiple regression 
analyses were performed. The threshold for significance was set at an alpha level of 0.05, 
and efforts were made to recruit enough participants to obtain a power level of 0.80. 
Because there is very little previous research in the specific domain of this study, no 
information exists as to the relative ES to be expected in this analysis. According to 
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Cohen (1992), a multiple regression analysis with the parameters of α = 0.05 and β = 0.80 
will require a sample of 481 participants to detect a small ES, or 67 participants to detect 
a medium ES. Due to the paucity of extant literature with regard to the expected ES of the 
proposed study, the original power analysis was run using a relatively conservative, 
small-to-medium effect size (0.08) using g*power (Faul et al., 2007). The analysis 
indicated that a sample of 101 participants would be necessary to detect significance. 
According to g*power, it would require 85 participants to detect a medium effect size 
with α = 0.05 and β = 0.80. 
 Four stepwise regression analyses were conducted – one for each 
neuropsychological task. Scores on the four self-report personality measures were entered 
together as potential independent variables for inclusion in each regression model. The 
statistical outcomes of interest were the unstandardized estimates of regression weight for 
each independent variable, the model fit statistics, and the corresponding p-values of each 
F-test. 
3. Results 
3.1 Demographic Characteristics 
 A total of 38 participants were recruited to take part in this study. Four were 
excluded based on eligibility screening (1 met criteria for mania, 2 met criteria for 
psychotic features, 1 was currently taking psychotropic medication). The data for the 
remaining individuals (n=34) was analyzed and is presented below. A majority of the 
sample was female (n=24; 71%) and Caucasian (n=23; 68%). Among the participants, 
21% identified as Asian-American (n=7), 9% (n=3) as Hispanic, and 3% (n=1) as 
African-American.  
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3.2 Correlations Among Self-Report Personality Measures 
 Descriptive statistics for the SSS, BIS, UPPS-P, and ICU are provided in Table 1. 
Scores on self-report questionnaires were compared to one another using multiple 
bivariate Pearson correlations (See Figure 1). Results indicated a moderate, statistically-
significant correlation between sensation seeking and impulsivity, as measured by the 
SSS and the BIS (r = .47, r2 = .22, p < .01). The correlation between an additional 
impulsivity measure (UPPS-P) and the SSS was large and also statistically significant (r 
= .74, r2 = .55, p < .01), accounting for more than half of the variance in scores. As 
expected, the UPPS-P and BIS, both of which purport to measure behavioral impulsivity, 
showed a substantial correlation (r = .76, r2 = .58, p < .01). Callous-unemotional traits, as 
measured by ICU score, correlated significantly with SSS score (r = .45, r2 = .20, p < .01) 
and UPPS-P score (r = .40, r2 = .16, p < .05), but not BIS score (r = .08, ns). These data 
indicate that although the BIS and UPPS-P show substantial overlap in measuring the 
construct of impulsivity, they are not identical. Notably, the UPPS-P shows a larger 
correlation with the SSS than the BIS. To examine why this might be the case, SSS total 
score was compared to each subscale of the UPPS-P using Pearson correlations. These 
correlations indicated that SSS total score correlates with all UPPS-P subscales, but 
shows particularly large correlations with the subscales of sensation seeking (r = .75, p < 
.01) and lack of premeditation (r = .61, p < .01). 
3.3 Correlations Among Neuropsychological Tasks 
 Scores on neuropsychological tasks were compared to one another using multiple 
bivariate Pearson correlations. As presented in Figure 2, scores on the four 
neuropsychology tasks showed small, non-significant correlations with one another, 
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indicating that the tasks did not overlap substantially. This is consistent with theoretical 
evidence suggesting that the neuropsychological measures, in spite of their shared 
localization to the frontal lobe, were indeed measuring differential aspects of brain 
function (i.e., risk taking behavior (BART), executive inhibition and impulsivity 
(Stroop), planning and concept formation (TOL-DX), and working memory with mental 
set shifting (Trails B)). The only exception was the moderate correlation between the 
Tower of London-DX total move score and Trails B completion time (r = .38, p < .05). 
One reason why Trails B completion time and TOL-DX scores may have varied together 
is because both tasks are timed measures believed to tap executive planning mechanisms 
of the frontal lobe; however, they remain theoretically distinct in that Trails B requires 
working memory and set shifting while the TOL-DX does not.  
3.4 Gender Differences in Self-Report Measures and Neuropsychological Performance 
 Due to the discrepant sample sizes of men (n=10) and women (n=24) in this 
study, power was limited for analyses of gender differences. Multiple ANOVAs indicated 
that men and women did not differ significantly in SSS, BIS, or UPPS-P score (equal 
variances assumed on all measures). However, an ANOVA indicated that men (M = 
21.70, SD = 6.27) scored significantly higher than women (M = 15.42, SD = 5.55) on the 
ICU (F(1, 32) = 8.40, p = .007). The magnitude of this difference was medium (r2 = .21). 
Men and women were also compared with regard to performance on the 
neuropsychological tasks. No significant differences were observed between genders on 
the four task outcomes of interest. In light of these findings, which may be a function of 
limited sample size and low statistical power, gender was not included in the regression 
model or any subsequent analyses.  
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3.5 Relationship Between Self-Report Measures and Neuropsychological Performance 
The correlations of the four self-report measures and four neuropsychological 
tasks are presented in Table 2 as a correlation matrix. Sensation seeking had a large and 
significant correlation with BART performance (number of pumps per unpopped balloon) 
and Trails B score (time in seconds), but was not related to Stroop or TOL-DX score. The 
UPPS-P and ICU were also significantly correlated with the BART. No other significant 
correlations between the self-report measures and neuropsychological tasks were found. 
3.5.1 Regression Analysis: Trails B 
We conducted a regression analysis using Trails B time in seconds as the measure 
of interest, with scores on all four self-report measures entered together as potential 
variables for inclusion in the final model. A stepwise linear regression (see Table 3) 
selected SSS score and BIS scores as being significantly associated with Trails B 
performance, with this model accounting for 38% of the overall variance in Trails B time 
to completion (r2 = .38). Each one point increase in SSS score was associated with, on 
average, a 2.3-second decrease in Trails B time (b(SSS) = -2.29, SEb = 0.50, p  = .00006), 
and each one point increase in BIS score was associated with an average 1.0 second 
increase in Trails B time (b(BIS) = 1.00, SE(BIS) = .35, p = .007). Interestingly, the 
relationship between the SSS and Trails B was in the opposite of the predicted direction: 
higher sensation seeking scores correlated with better (faster) Trails B performance. It 
should be noted that although these findings are statistically significant, a difference in 
completion time of just one to two seconds would be considered very minuscule in a 
clinical context. 
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3.5.2 Regression Analyses: TOL-DX and Stroop 
Total move score on the TOL-DX and interference score on the Stroop were 
examined independently in two stepwise linear regression analyses with the four self-
report measures considered as possible correlates. In both cases, none of the four self-
report scores were significantly related to neuropsychological performance. 
 
3.5.3 Regression Analysis: BART 
The variable of interest for the BART was number of pumps per unpopped 
balloon, which is purported to be a proxy for real-world risk taking (Lejuez et al., 2002). 
In a stepwise linear regression model (see Table 3), sensation seeking (SSS score) was 
the only variable significantly associated with BART performance (b = 1.20, SEb = 0.31, 
p = .001) and accounted for 30% of the variance in task performance (adjusted r2 value = 
0.30), with higher sensation seeking scores correlating with greater risk taking on the 
BART. 
3.5.4 Exploratory Analyses 
 Exploratory regression analyses was conducted to examine which of the four 
subscales of the SSS showed the strongest relationship with neuropsychological 
performance on the BART and Trails B. In the first analysis, the four SSS subscales were 
entered together as independent variables with BART performance as the dependent 
variable. Among the four SSS subscales, “Thrill and Adventure Seeking” (TAS) showed 
the strongest link to BART performance and was the only statistically significant 
correlate (b = 2.73, SEb = 0.69, p = .0004, adj. r2 = .31). Data collected on these variables 
are presented as a scatterplot in Figure 3. 
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Likewise, in the second analysis examining Trails B, TAS was the only 
significant subscale relating to Trails B time, with higher scores on this subscale 
correlating with faster completion of Trails B (b = -3.18, SEb = 1.13, p = .008, adj. r2 = 
.17). Data collected on these variables are presented as a scatterplot in Figure 4. As 
demonstrated by the adjusted r2 values, TAS score accounted for less overall variance in 
Trails B performance than in BART performance (17% variance explained versus 31% of 
variance explained for the BART) Taken together, these findings suggest differential 
relationships of the SSS subscales with neuropsychological performance. 
4. Discussion 
4.1 Summary & Implications 
 Consistent with our original hypotheses, self-report measures of sensation 
seeking, impulsivity, and callous-unemotional traits showed significant positive 
correlations with one another that were moderate to large in magnitude. In light of these 
correlations, high levels of sensation seeking may frequently co-occur with high levels of 
problematic impulsivity and antisocial behaviors, which could lead to maladaptive risk-
taking (e.g, substance use, compulsive gambling) or criminal behavior (Pardini et al., 
2003). Thus, sensation seeking appears to warrant further attention in psychological 
research with regard to these particular forms of psychopathology. 
Our original hypothesis regarding sensation seeking and neuropsychological 
performance was partially supported: on one of four tasks, high levels of sensation 
seeking correlated with a poorer neuropsychological performance. Specifically, score on 
the SSS was significantly associated with greater risk taking behavior (number of pumps 
per unpopped balloon) on the BART. This suggests that sensation seeking has a unique 
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association with the BART, which does not exist for the TOL-DX or Stroop. One 
theoretical reason for this finding is that the BART was originally developed as a “real-
world” proxy measure, whereas the Stroop and TOL-DX are used in laboratory and 
diagnostic settings, in which performance is not necessarily expected to generalize to 
everyday functioning. Another explanation of these findings may be related to issues of 
statistical power. 
We also found that Trails B demonstrated a significant relationship with the SSS 
and BIS. Yet the relationship between the SSS and Trails B was in the opposite direction 
of our original hypothesis in that higher SSS score was associated with better (i.e., faster) 
neuropsychological performance. In clinical samples, Trails B time to completion 
generally increases with the number of errors made, because the examiner must take the 
time to stop and redirect the examinee. This led us to predict (initially) that individuals 
high in sensation seeking would make a greater number of errors, leading them to 
complete Trails B more slowly. Yet within our highly-educated, cognitively-intact 
sample, participants made a very low overall number of errors on Trails B (91% of 
participants made 0 or 1 errors), thereby limiting the variability in performance. Thus, 
one explanation for our unexpected finding with regard to the SSS and Trails B is that the 
latter task was not difficult enough. In other words, it is possible that errors did not factor 
into performance, and individuals high in sensation seeking could simply have completed 
Trails B with more speed, whereas low sensation seeking individuals approached the task 
more slowly and conservatively, In any case, the magnitude of the predicted change in 
Trails B was relatively small for both self-report surveys, and would be unlikely to be 
detected clinically for diagnostic purposes.  
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Taken together, the above findings support the idea that impulsivity and sensation 
seeking should be conceptualized as related but independent psychological factors. Our 
findings showed that these two constructs have generally moderate correlations (as 
opposed to complete overlap) and that they differ in their relationships with 
neuropsychological performance on the BART and Trails B. 
 4.2 Recent Findings: Clinical Utility of the BART 
 The BART showed a clear relationship to sensation seeking in this study. One 
previous study has utilized the BART to examine risk taking in the context of impulsivity 
and sensation seeking.  In this study, Bornovalova et al. (2009) enhanced the “real-world 
risk” aspect of the BART by awarding money to participants for each pump, which 
changed throughout the task (1, 5, or 25 cents per pump). Participants were also assessed 
via self-report measures for impulsivity and sensation seeking traits. The researchers 
found that as reward/loss magnitude increased, risky behavior (pumps per unpopped 
balloon) decreased, and that this decreased risk taking was most prominent in participants 
scoring low in sensation seeking/impulsivity. Interestingly, those high in sensation 
seeking/impulsivity were found to be “largely insensitive” to changes in reward/loss 
magnitude, supporting our present findings that personality variables can affect 
neuropsychological functioning. Bornovalova et al.’s results also suggest highly 
impulsive and/or sensation seeking individuals are unable to adaptively modify their 
behavior in response to reward or punishment in the environment. This idea has an 
intriguing parallel to neurological functioning, given that patients with lesions to a 
particular sub-region of the prefrontal cortex, the orbitofrontal cortex (OFC), show a 
similar disregard for external consequences. Thus, from a neuropsychological 
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perspective, performance on the BART may be illustrative of prefrontal and orbitofrontal 
functioning. Further study of the BART in the context of neuroimaging is needed to 
address these issues. 
 To date, we are aware of only one neuroimaging study utilizing the BART. Rao et 
al. (2008) examined brain activation on fMRI in response to a no-choice variation of the 
BART (participants could not vary their response) and the conventional active choice 
BART protocol that allowed for voluntary risk. Results from fMRI showed that the latter 
condition was associated with neural activation in mesolimbic-frontal regions, including 
the midbrain, ventral and dorsal striatum, anterior insula, dorsal lateral prefrontal cortex 
(DLPFC), and anterior cingulate cortex (Rao et al., 2008). Notably, the observed 
mesolimbic and frontal activation was unique to the active-choice/voluntary risk 
condition, suggesting both an emotional and cognitive response to risk taking on the 
BART. The above findings provide further support for use of the BART as both a proxy 
for real-world risk taking and a probe of dysfunction in the prefrontal cortex. As such, it 
is not surprising that the BART has gained increased attention in the neuropsychological 
evaluation of certain forms of psychopathology, including criminal/antisocial behavior, 
ASPD, and substance dependence. 
 Study results have been equivocal regarding the clinical utility of the BART in 
assessing ASPD and psychopathy. BART performance has previously been found to be 
associated with psychopathy (Hunt et al., 2005), but in a recent study of county jail 
inmates, it was reported that risk taking behavior on the BART was not associated with 
psychopathy or other externalizing disorders (Swogger et al., 2010). The authors of this 
study concluded that the BART may have limited clinical utility in “differentiating 
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members of adult offender populations,” (Swogger et al., 2010). It should be noted that in 
the arena of substance dependence, which frequently co-occurs with ASPD (Goldstein et 
al., 2007a; Goldstein et al., 2007b), support for the BART’s clinical utility appears to be 
more consistent (e.g., Lejuez et al., 2003; Prisciandaro et al., 2011). It seems that further 
research is needed to clarify the relationship between ASPD and BART performance. 
4.3 Non-Significant Findings 
Callous-unemotional traits and impulsivity as measured by the UPPS-P were not 
significantly associated with neuropsychological performance on any of the four tasks, 
and we did not replicate the findings of Zermatten et al. (2005). Our hypotheses regarding 
gender differences in the above personality traits were not supported, though our study 
was limited in its power to detect such differences, given the small sample size and 
relatively low number of male participants (n=10). Among the four self-report surveys 
and the four neuropsychological tasks, only one significant difference was found between 
genders. Men scored significantly higher than women on the ICU, indicating that they 
endorsed a greater amount of callous, uncaring, and/or unemotional traits. This finding is 
consistent with a number of previous studies evaluating gender differences in antisocial 
behavior (Compton et al., 2005; Golomb et al., 1995). The paucity of significant gender 
differences in personality traits and neuropsychological performance did not support our 
original hypotheses related to gender, and led us to remove the variable of gender from 
the regression analyses. Thus, we did not examine the effect of gender on 
neuropsychological performance, nor its interaction with personality variables. Ideally, 
future study of these constructs would include a larger sample as well as a comparable 
number of men and women. 
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With regard to the TOL-DX and the Stroop task, no significant relationships were 
found between personality traits and performance on these tasks, contrary to our 
hypotheses. Aside from a potential lack of statistical power (post-hoc analyses indicated 
β <0.80), it is theoretically unclear why there were no significant findings obtained 
through measurement of neuropsychological performance on the Stroop and TOL-DX 
tasks. Both are used clinically as measures of frontal lobe dysfunction and executive 
abilities, making them seemingly ideal candidates against which to examine sensation 
seeking and impulsivity (Culbertson & Zillmer, 1998b; Alvarez & Emory, 2006). The 
lack of association between impulsivity scores and Stroop performance is particularly 
surprising, as the Stroop is typically used clinically as a measure of disinhibition and 
impulsive responding (e.g., identifying ADHD; see Lansbergen et al., 2007). So, in the 
event that our findings are not the result of type II error, they seem to suggest that 
neuropsychologists should remain cautious in using a patient’s Stroop performance to 
draw conclusions about his/her everyday functioning with regard to disinhibition and 
impulsive behavior. 
 The finding that TOL-DX performance was not associated with the personality 
traits in this study may be a result of our choice of outcome measure, total move score. 
This measure was chosen for three reasons. First, from a theoretical perspective, we 
predicted that impulsive responders would accumulate a higher total move score, with 
lack of planning necessitating a greater number of moves to solve each problem. Second, 
from a statistical perspective, we believed that using this global measure of performance 
would capture a greater range of variability in scores than time-to-initiation of first move 
(measured in seconds in the present study; typically 1-2 seconds) or number of errors 
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(typically 0-1 in an adult, non-clinical sample). Third, total move score was 
recommended as a primary outcome measure for this study by the co-creator of the TOL-
DX (E. Zillmer, personal communication, August 2010). In spite of this reasoning, it is 
possible that a different measure might have captured impulsive behavior more 
sensitively. For example, we might have obtained different results had our primary 
variable of interest been time-to-initiation of first move, measured in milliseconds. This is 
merely speculation; the above concerns can only be addressed through a future study, 
ideally with a larger sample size to ensure adequate statistical power. 
4.4 Limitations 
 The primary limitations of this study pertain to the sample. First and foremost, the 
final sample size (n=34) was much smaller than the 80 to 100 originally proposed for 
purposes of statistical power. Hence it is possible that significant differences remained 
undetected in our analyses that would have become more apparent had more individuals 
been included. Second, though we attempted to recruit an equal number of men and 
women to examine gender differences, only 29% of the sample was male. This precluded 
us from analyzing the role of gender in personality variables and neuropsychological 
performance. Third, we did not examine the possible influence of race/ethnicity on 
personality variables or neuropsychological performance. Given the existing literature on 
differences in the prevalence ASPD across ethnicities (see Section 1.4), further analysis 
may be warranted especially with regard to ethnicity as it relates callous-unemotional 
traits. In the case of our sample, we had a majority of White and Asian-American 
participants, and African-Americans and Hispanics were underrepresented. This is 
important to note because ASPD diagnoses appear to be more common in the latter 
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groups than among Asian-Americans (e.g., Goldstein et al., 2007a). Fourth, this study 
was limited to the participation of college undergraduates between 18 and 35 years of 
age, a group that has been scrutinized in psychological research as a convenience sample 
that may not adequately represent the population. We did not collect data regarding IQ or 
reading level, and thus we are unable to determine whether our sample included a 
normally-distributed range of overall intellectual functioning. However, because our aim 
was to examine healthy neurological function, we believe that the inclusion of college-
educated, young men and women was valid for a pilot study. Without replication in 
additional, more diverse samples, we are unable to draw conclusions regarding the 
generalizability of our findings. 
 A second limitation of the study involves our BART administration protocol. 
Although participants were instructed to complete the task as if actual money were at 
stake, they were informed that they would not receive any monetary compensation or 
reward for their performance. This is a potential limitation, as one could argue that using 
tangible rewards might increase the BART’s validity as a proxy for real-world risk-
taking. Nonetheless, we found no evidence during BART administration or data analysis 
to indicate that participants were not putting forth effort or were simply responding 
haphazardly. We therefore interpreted the present BART findings as valid.   
4.5 Future Research Goals  
 In a future study, we wish to re-examine our original hypotheses regarding gender 
differences in sensation seeking, impulsivity, and neuropsychological performance within 
a larger sample that includes a comparable number of men and women. Although it is 
possible that our non-significant findings are an accurate reflection of a lack of gender 
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differences in these traits, it may also be the case that our study is underpowered, 
resulting in Type II error. The latter explanation seems plausible given the extant 
literature supporting our original hypotheses (LaBouvie and McGee, 1986; Miller, 1991; 
Nagoshi et al., 1991).  
 From a neuropsychological perspective, the BART shows promise as being a 
clinically useful assessment tool in disorders involving risky behavior and sensation 
seeking. Neuroimaging suggests that the prefrontal cortex is uniquely involved in the 
risk-taking component of the BART (Rao et al., 2008), suggesting that the BART may be 
of clinical utility in evaluating prefrontal dysfunction. Furthermore, the BART may 
warrant future study as a focal probe of orbitofrontal (OFC) function for two key reasons. 
First, patients with ASPD and patients with OFC damage often share the same symptoms: 
disinhibition, lack of adherence to social norms, blunted affect or emotional dysfunction, 
and lack of empathy (Berlin, Rolls, & Iversen, 2005). Studies suggest that OFC damage 
also increases impulsive behavior and interferes with sensitivity to reward and 
punishment, thus hindering a person’s ability to modify behavior in response to 
consequences (Berlin, Rolls, & Kischka, 2004). In short, impulsivity, lack of empathy, 
and poor decision-making are among the symptoms shared by OFC lesion patients and 
individuals with ASPD, which may reflect identical or similar deficits in neural circuitry. 
It stands to reason that an improved understanding of the OFC, and its specific 
involvement in impulsivity and risk-taking, may have implications for advancing our 
insight into the neural correlates of ASPD. A second reason why a neuropsychological 
probe of OFC function would represent an exciting advancement in the field is because, 
as stated in a recent review by Zald and Andreotti (2010), clinical neuropsychologists 
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presently lack any focal measures of OFC function. The authors of the review describe 
this deficit as “striking,” and highlight the need for the development of OFC assessment 
measures that can be used by practicing clinical neuropsychologists. It remains to be seen 
whether the BART may fill this much-needed role. 
Finally, in light of the significant findings observed within a healthy population of 
college students, we plan to expand this research protocol to include other populations 
within clinical and/or forensic settings. This will presumably allow us to examine 
sensation seeking, impulsivity, and callous-unemotional traits when they are present in 
more extreme and/or pathological forms. The theoretical focus of the present study was 
ASPD, yet our findings may have implications for myriad other forms of 
psychopathology involving impulsivity and emotional dysfunction, such as substance 
dependence, pathological gambling, schizophrenia, and traumatic brain injury. 
4.6 Conclusions and Significance 
 This research adds to the relative dearth of literature regarding the specific 
neuropsychological correlates of sensation seeking and impulsivity, and is novel in its 
consideration of callous-unemotional (i.e., ASPD-spectrum) traits assessed via a 
relatively new psychological assessment tool. Although we examined these constructs in 
a healthy, nonclinical sample, our findings suggest intriguing parallels to a variety of 
clinical populations, including ASPD and substance dependence. This research sets the 
stage for future exploration of sensation seeking, impulsivity, and callous-unemotional 
traits among individuals with severe psychopathology. For example, do individuals who 
are sub-threshold for ASPD, but still demonstrate relatively high levels of callous-
unemotional traits and sensation seeking, exhibit the same neuropsychological patterns as 
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those formally diagnosed with the ASPD? In any case, it is to be hoped that by 
ascertaining specific neuropsychological patterns in the domains of sensation seeking, 
impulsivity, and callous-unemotional traits, it may eventually be possible to identify 
individuals at risk for developing certain forms of problematic behavior, before 
psychopathology such as ASPD fully emerges in adulthood. This could then inform 
future treatment and behavioral intervention methods, which would ideally be enacted 
early in an individual’s life as a preventative measure. 
From a theoretical standpoint, sensation seeking and impulsivity are often 
discussed in unclear terms in psychological literature: as synonymous, as subcomponents 
of a larger construct, or as fundamentally distinct. The present research supports the idea 
that impulsivity and sensation seeking should be conceptualized independently. Our 
findings showed that these two constructs have moderate correlations and differed in their 
relationship to neuropsychological performance outcomes. Accordingly, this study 
contributes valuable information to a theoretical debate that continues in present-day 
literature 
Our study is also significant for its attention to gender differences in these traits. 
Given that men are more likely to develop ASPD than women (according to 
epidemiological research; Compton et al., 2005; Golomb et al., 1995), it is of interest to 
determine what specific factors are contributing to this increased risk among males. 
Though several biological and psychosocial hypotheses have been proposed, potentially 
differing patterns of neuropsychological performance between men and women have 
received little examination in this context. It may be that specific neurological 
differences, which could be detected through neuropsychological testing, account for 
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some of the variance in gender-related ASPD risk. Our findings were unable to 
corroborate these hypotheses, but further study with a larger sample is warranted to 
address these issues. 
With continued research, we may be able to identify the neuropsychological 
correlates of ASPD and determine whether early identification of at-risk individuals is 
possible. If so, specific deficits in neuropsychological functioning may respond positively 
to behavioral interventions, just as the effects of traumatic brain injury can be attenuated 
through cognitive rehabilitation. Ultimately, such interventions could benefit both 
affected individuals and society as a whole by reducing truancy, criminal behavior, and 
other negative outcomes associated with ASPD. The present study is a small yet 
significant step in the direction of this goal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
37 
List of References 
Alvarez, J.A., & Emory, E. (2006). Executive function and the frontal lobes: a meta-
analytic review. Neuropsychology Review, 16, 17-42. 
 
American Psychiatric Association (1994). Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition.  Washington, D.C.: American Psychiatric Association. 
 
Bechara, A., Damásio, A.R., Damásio, H., Anderson, S.W. (1994). Insensitivity to future 
consequences following damage to human prefrontal cortex. Cognition, 50, 7-15. 
 
Berlin, H.A., Rolls, E.T., & Iversen, S.D. (2005). Borderline personality disorder, 
impulsivity, and the orbitofrontal cortex. American Journal of Psychiatry, 162, 
2360-2373. 
 
Berlin, H.A., Rolls, E.T., & Kischka, U. (2004). Impulsivity, time perception, emotion 
and reinforcement sensitivity in patients with orbitofrontal cortex lesions. Brain, 
127, 1108-1126. 
 
Birbaumer, N., Veit, R., Lotze, M., Erb, M., Hermann, C., Grodd, W., & Flor, H. (2005). 
Deficient fear conditioning in psychopathy: a functional magnetic resonance 
imaging study. Archives of General Psychiatry, 62, 799-805. 
 
Bornovalova, M.A., Cashman-Rolls, A., O’Donnell, J.M., Ettinger, K., Richards, J.B., et 
al. (2009). Risk taking difference on a behavioral task as a function of potential 
reward/loss magnitude and individual differences in impulsivity and sensation 
seeking. Pharmacology Biochemistry and Behavior, 93, 258-262. 
 
Brennan P.A. & Raine, A. (1997). Biosocial bases of antisocial behavior: 
psychophysiological, neurological, and cognitive factors. Clinical Psychology 
Review, 17, 589-604. 
 
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155-159. 
 
Compton, W.M., Conway, K.P., Stinson, F.S., Colliver, J.D., & Grant B.F. (2005). 
Prevalence, correlates, and comorbidity of DSM-IV antisocial personality 
syndromes and alcohol and specific drug use disorders in the United States: 
results from the national epidemiologic survey on alcohol and related conditions. 
Journal of Clinical Psychiatry, 66, 677-685. 
 
Crowley, T.J., Raymond, K.M., Mikulich-Gilbertson, S.K., Thompson, L.L., & Lejuez, 
C.W. (2006). A risk-taking “set” in a novel task among adolescents with serious 
conduct and substance problems. Journal of the American Academy of Child and 
Adolescent Psychiatry, 45, 175-183. 
 
38 
Culbertson, W.C. & Zillmer, E.A. (1998a). The construct validity of the Tower of 
LondonDX as a measure of the executive functioning of ADHD children. 
Assessment, 5, 215-226. 
 
Culbertson, W.C. & Zillmer, E.A. (1998b). The Tower of London(DX): a standardized 
approach to assessing executive functioning in children. Archives of Clinical 
Neuropsychology, 13, 285-301. 
 
de Wit, H. (2009). Impulsivity as a determinant and consequence of drug use: a review of 
underlying processes. Addiction Biology, 14, 22-31. 
 
Douglas, K., Chan, G., Gelernter, J., Arias, A.J., Anton, R., Poling, J., et al. (2011). 5-
HTTLPR as a potential moderator of the effects of adverse childhood experiences 
on risk for antisocial personality disorder. Psychiatric Genetics, 21, 240-248. 
 
Essau, C.A., Sasagawa, S., & Frick, P.J. (2006). Callous-unemotional traits in a 
community sample of adolescents. Assessment, 13, 454-469. 
 
Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible 
statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behavior Research Methods, 39, 175-191. 
Frick, P.J. (2004). The Inventory of Callous–Unemotional Traits (ICU). Unpublished 
rating scale. 
 
Goldstein, R.B., Compton, W.M., Pulay, A.J., Ruan, W.J., Pickering, R.P., Stinson, F.S., 
& Grant, B.F. (2007a). Antisocial behavioral syndromes and DSM-IV drug use 
disorders in the United States: results from the National Epidemiologic Survey on 
Alcohol and Related Conditions. Drug and Alcohol Dependence, 90,145-158. 
 
Goldstein, R.B., Dawson, D.A., Saha, T.D., Ruan, W.J., Compton, W.M., & Grant, B.F. 
(2007b). Antisocial behavioral syndromes and DSM-IV alcohol use disorders: 
results from the National Epidemiologic Survey on Alcohol and Related 
Conditions. Alcohol: Clinical and Experimental Research, 31,814-828. 
 
Golomb, M., Fava, M., Abraham, M., Rosenbaum, J.F. (1995). Gender differences in 
personality disorders. American Journal of Psychiatry, 152, 579-82. 
 
Hunt, M.K., Hopko, D.R., Bare, R., Lejuez, C.W., & Robinson, E.V. (2005). Construct 
validity of the balloon analogue risk task (BART): associations with psychopathy 
and impulsivity. Assessment, 12, 416-428. 
 
Kimonis, E.R., Frick, P.J., Skeem, J.L., Marsee, M.A., Cruise, K., Munoz, L.C., Aucoin, 
K.J., & Morris, A.S. (2008). Assessing callous-unemotional traits in adolescent 
offenders: validation of the Inventory of Callous-Unemotional Traits. 
International Journal of Law and Psychiatry, 31, 241-252. 
 
39 
Kohn, P.M. & Coulas, J.T. (1985). Sensation seeking, augmenting-reducing, and the 
perceived and preferred effects of drugs. Journal of Personality and Social 
Psychology, 48, 99-106. 
 
Lang, U.E., Bajbouj, M., Sander, T., & Gallinat., J. (2007). Gender-dependent association 
of the functional catechol-O-methyltransferase Val158Met genotype with 
sensation seeking personality trait. Neuropsychopharmacology, 32, 1950-1955. 
 
Lansbergen, M.M., Kenemans, J.L., & van Engeland, H. (2007). Stroop interference and 
attention-deficit/hyperactivity disorder: a review and meta-analysis. 
Neuropsychology, 21, 251-262. 
 
Lejuez, C.W., Aklin, W.M., Jones, H.A., Richards, J.B., Strong, D.R., Kahler, C.W., et 
al. (2003). The Balloon Analogue Risk Task (BART) differentiates smokers and 
nonsmokers. Experimental and Clinical Psychopharmacology, 11, 26-33. 
 
Lejuez, C.W., Read, J.P., Kahler, C.W., Richards, J.R., Ramsey, S.E., Stuart, G.L., 
Strong, D.R., & Brown, R. (2002). Evaluation of a behavioral measure of risk-
taking: the balloon analogue risk task (BART). Journal of Experimental 
Psychology Applications, 6, 75-84. 
 
Lingford-Hughes, A.R., Davies, S.J.C., McIver, S., Williams, T.M., Daglish, M.R.C., & 
Nutt, D.J. (2003). Addiction. British Medical Bulletin, 65, 209-222. 
 
Loas, G., Verrier, A., Flament, M.F., Perez-Diaz, F., Corcos, M., Halfon, O., Lang, F., 
Bizouard, P., Venisse, J.L., Guelfi, J.D., & Jeammet, P. (2001). Factorial structure 
of the Sensation Seeking Scale – Form V: confirmatory factorial analyses in 
nonclinical and clinical samples. Canadian Journal of Psychiatry, 46, 850-855. 
 
Lynam, D.R., Smith, G.T., Whiteside, S.P., & Cyders, M.A. (2006). The UPPS-P: 
Assessing five personality pathways to impulsive behavior (Technical Report). 
West Lafayette: Purdue University. 
 
Miller, J.D., Flory, K., Lynam, D.R., & Leukefeld, C. (2003). A test of the four-factor 
model of impulsivity-related traits. Personality and Individual Differences, 34, 
1403-1418.  
 
Pardini, D.A., Fite, P.J., & Burke, J.D. (2008). Bidirectional associations between 
parenting practices and conduct problems in boys from childhood to adolescence: 
the moderating effect of age and African-American ethnicity. Journal of 
Abnormal Child Psychology, 36, 647-662. 
 
Pardini, D.A., Lochman, J,E., & Frick P.J. (2003). Callous/unemotional traits and social-
cognitive processes in adjudicated youths. Journal of the American Academy of 
Child Adolescent Psychiatry, 42, 364-371. 
 
40 
Passetti, F., Clark, L., Mehta, M.A., Joyce, E., & King, M. (2008). Neuropsychological 
predictors of clinical outcome in opiate addiction. Drug and Alcohol Dependence, 
94, 82-91. 
 
Patton, J.H., Stanford, M.S, & Barratt, E.S. (1995). Factor structure of the Barratt 
impulsiveness scale. Journal of Clinical Psychology, 51, 768-774. 
 
Perales, J.C., Verdejo-Garcia, A., Moya, M., Lozano, O., & Perez-Garcia, M. (2009).  
Bright and dark sides of impulsivity: performance of women with high and low 
trait impulsivity on neuropsychological tasks. Journal of Clinical and 
Experimental Neuropsychology, 8, 1-18. 
 
Piazza, P.V., Deroche, V., Deminiere, J.M., Maccari, S., Le Moal, M., & Simon, H. 
(1993). Corticosterone in the range of stress-induced levels possesses reinforcing 
properties: implications for sensation-seeking behaviors. The Proceedings of the 
National Academy of Sciences of the United States of America, 90, 11738-11742.  
 
Prisciandaro, J.J., Rembold, J., Brown, D.G., Brady, K.T., & Tolliver, B.K. (2011). 
Predictors of clinical trial dropout in individuals with co-occurring bipolar 
disorder and alcohol dependence. Drug and Alcohol Dependence. Accessed via 
PubMed: ePub May 4, 2011. 
 
Raine, A. (1996). Autonomic nervous system factors underlying disinhibited, antisocial, 
and violent behavior: biosocial perspectives and treatment implications. Annals of 
the New York Academy of Science, 794, 46-59. 
 
Rao, H., Korczykowski, M., Pluta, J., Hoang, A., & Detre, J.A. (2008). Neural correlates 
of voluntary and involuntary risk taking in the human brain: an fMRI study of the 
Balloon Analogue Risk Task (BART). Neuroimage, 42, 902-910. 
 
Rivera, F., Lopez, I., Guarnaccia, P., Ramirez, R., Canino, G., & Bird, H. (2011). 
Perceived discrimination and antisocial behaviors in Puerto Rican children. 
Journal of Immigrant and Minority Health, 13, 453-461. 
 
Roberti, J.W., Storch, E.A., & Bravata E. (2003). Further psychometric support for the 
Sensation Seeking Scale-Form V. Journal of Personality Assessment, 81, 291-
292. 
Sánchez-Cubillo, I., Periáñez, J.A., Adrover-Roig, D., Rodríguez-Sánchez, J.M., Ríos-
Lago, M., Tirapu, J., & Barceló, F. (2009). Construct validity of the Trail Making 
Test: role of task-switching, working memory, inhibition/interference control, and 
visuomotor abilities. Journal of the International Neuropsychology Society, 15, 
438-450. 
41 
Shirtcliff, E.A., Vitacco, M.J., Graf, A.R., Gostisha, A.J., Merz, J.L., & Zahn-Waxler, C. 
(2009). Neurobiology of empathy and callousness: implications for the 
development of antisocial behavior. Behavioral Sciences & the Law, 27, 137-171. 
 
Spinella, M. (2007). Normative data and a short form of the Barratt Impulsiveness Scale. 
International Journal of Neuroscience, 117, 359-368. 
Stoltenberg, S.F., Batien, B.D., & Birgenheir, D.G. (2008). Does gender moderate 
associations among impulsivity and health-risk behaviors? Addictive Behaviors, 
33, 252-265. 
 
Swann, A.C., Lijffijt M., Lane, S.D., Steinberg, J.L., & Moeller, F.G. (2009). Trait 
impulsivity and response inhibition in antisocial personality disorder. Journal of 
Psychiatry Research, 43, 1057-1063. 
 
Swogger, M.T., Walsh, Z., Lejuez, C.W., & Kosson, D.S. (2010). Psychopathy and risk 
taking among jailed inmates. Criminal Justice and Behavior, 37, 439-452. 
 
White, T.L., Lejuez, C.W., & de Wit, H. (2008). Test-retest characteristics of the Balloon 
Analogue Risk Task (BART). Experimental and Clinical Psychopharmacology, 
16, 565-570. 
 
Wilson, H.K., Cox, D.J., Merkel, R.L., Moore, M., & Coghill, D. (2006). Effect of 
extended release stimulant-based medications on neuropsychological functioning 
among adolescents with Attention-Deficit/Hyperactivity Disorder. Archives of 
Clinical Neuropsychology, 21, 797-807. 
 
Zald, D.H., & Andreotti, C. (2010). Neuropsychological assessment of the orbital and 
ventromedial prefrontal cortex. Neuropsychologia, 48, 3377-3391. 
 
Zermatten, A., Van der Linden, M., d’Acremont, M., Jermann, F., & Bechara, A. (2005). 
Impulsivity and decision making. Journal of Nervous and Mental Disease, 193, 
647-650. 
 
Zuckerman, M. & Como, P. (1983). Sensation seeking and arousal systems. Personality 
and Individual Differences, 4, 381-386. 
 
Zuckerman, M., Eysenck, S., & Eysenck, H.J. (1978). Sensation seeking in England and 
America: cross-cultural, age, and sex comparisons. Journal of Consulting and 
Clinical Psychology, 46, 139-149. 
  
42 
Table 1. Descriptive statistics for self-report personality inventories and 
neuropsychological measures. 
 
 
 
 Mean Standard 
Deviation 
Minimum 
Score 
Observed 
Maximum 
Score 
Observed 
Possible 
Range 
of 
Scores 
Sensation 
Seeking Scale 
19.4 6.4 4 31 0 - 40 
Barratt 
Impulsiveness 
Scale 
60.4 9.2 40 80 30 - 120 
UPPS-P 
Impulsivity Scale 
120.2 23.2 83 174 59 - 236 
Inventory of 
Callous-
Unemotional 
Traits 
17.3 6.4 6 30 0 - 72 
Trails B Time  
(in seconds) 
59.0 20.4 30 101 - 
TOL-DX Total 
Move Score 
32.4 16.7 3 67 0 - 200 
Stroop 
Interference 
Score 
4.9 8.5 -14 23 - 
BART No. 
Pumps/Unpopped 
Balloon 
28.7 13.6 4.8 59.8 - 
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Table 2. Correlation matrix: self-report personality measures and neuropsychological 
tasks. Bold values indicate statistically significant correlations at a level of p<.05. 
 
 
 
 SSS BIS UPPS-P ICU 
SSS Pearson Correlation (r) 1 .470 .743 .449 
p-value  .005 <.001 .008 
     
BIS Pearson Correlation (r) .470 1 .758 .084 
p-value .005  <.001 .637 
     
UPPS-P Pearson Correlation (r) .743 .758 1 .401 
p-value <.001 <.001  .019 
     
ICU Pearson Correlation (r) .449 .084 .401 1 
p-value .008 .637 .019  
     
BART (Pumps/Unpopped 
Balloon) 
Pearson Correlation (r) .562 .192 .510 .430 
p-value .001 .276 .002 .011 
     
Trails B Time (s) Pearson Correlation (r) -.506 .114 -.273 -.152 
p-value .002 .519 .119 .391 
     
TOL-DX Total Move Score Pearson Correlation (r) -.212 .037 -.140 -.133 
p-value .229 .836 .429 .454 
     
Stroop Interference Score Pearson Correlation (r) .044 -.292 -.010 .128 
p-value .807 .094 .954 .472 
     
 
 
 
 
 
 
 
 
 
44 
Table 3. Summary of primary analyses: results of stepwise linear regression using the 
four self-report personality measures as potential variables. 
 
 
 
Outcome Variable Variables 
Selected 
for 
Inclusion 
Unstandardized 
Regression 
Coefficient 
(b) 
p-
value 
Model 
Adjusted 
R2 Value 
Trails B 
Completion Time 
(in seconds) 
 
SSS  
 
1.20 
 
.001 
 
0.30 
Tower of 
London-DX Total 
Move Score 
 
None 
 
- 
ns  
- 
Stroop  
Interference 
Score 
None - ns - 
BART No. 
Pumps per 
Unpopped 
Balloon 
SSS  
BIS  
1.01 
       - 2.29 
.001 
.007 
 
0.38 
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Figure 1. Correlations among self-report personality measures. Solid arrows/bold text 
indicate statistically significant correlations at a level of p<.05. 
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Figure 2. Correlations among neuropsychological tasks. Solid arrows/bold text indicate 
statistically significant correlations at a level of p<.05. 
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Figure 3. Risk-taking on the BART (number of pumps per unpopped balloon) as a 
function of the “Thrill and Adventure Seeking” subscale of the Sensation Seeking Scale 
(Zuckerman, Eysenck, and Eysenck, 1978). 
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Figure 4. Trails B completion time (in seconds) as a function of the “Thrill and 
Adventure Seeking” subscale of the Sensation Seeking Scale (Zuckerman, Eysenck, and 
Eysenck, 1978). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
